Summary &mdash; The distribution of X index in 3 fields infected with grapevine fanleaf virus (GFLV) 
INTRODUCTION
Grapevine fanleaf virus (GFLV), transmitted by the nematode Xiphinema index (Thorne et Allen) , is a serious problem in many vineyards. The maintenance of soil fertility and the soil conservation in regions under this monoculture requires an extensive knowledge of the interactions that occur between the soil and its biological components (Cluzeau et al, 1987) .
In France, the geographical distribution of X index extends from the Mediterranean area to the Alsace and Champagne regions (Dalmasso and Caubel, 1966;  Esmenjaud, unpublished observations). For a given field, the horizontal dispersion of nematodes from the initial introduction point depends mainly on the number of grapevine generations grown in the field since the nematode introduction (Dalmasso, 1970) .
The vertical distribution of nematodes in the soil is also a factor to be considered in the control of fanleaf disease of the grapevine. This (Vuittenez, 1961) . In a Portuguese vineyard, Silva et al (1988) have studied the relationship between GFLV and its vector as a function of depth. Each sample was made up of a number of 200-to 500-g clods, containing any rootlets present and was removed with a hand fork. Each sample was subdivided in the laboratory into 3 1.7-kg parts which were analyzed separately. Each sub-sample was screened through a 2-mm mesh-size screen. The residue was weighed and the screened portion processed through an Oostenbrink elutriator (flow rate: 5 l/min), collected, then screened 3 times through 250-&mu;m and 40-&mu;m screens, respectively. The corresponding residues were placed on moist cellulose paper held by a coarse screen over a basin filled with water 1 cm deep, just touching the water's surface. Nematodes migrating to the bottom of the basin were collected on a 5-&mu;m screen, counted after 24 and 72 h, then totalled. For each horizon, the population numbers from the 3 subsamples were expressed relative to 1 kg of fine soil (< 2 mm).
Adult X index and 4th-stage larvae extracted from the Mesnil field were then randomly divided into groups of 2 to 256 individuals (series increasing by multiples of 2). Equivalent groups of virus-free adult X index from populations maintained on fig roots in a greenhouse were taken as controls. The immunoglobulins (IgG) used for ELISA were purified from anti-GFLV serum according to the rivanol precipitation method (Hardie and Van Regenmortel, 1977) . The ELISA plates were coated with 0.05 &mu;g/ml IgG for 3 h at 38 °C, then rinsed 3 times. The nematodes were ground in a Potter micro-blender in the presence of 100 &mu;l Tris-HCl 0.2 M pH 8.2, 2% polyvinylpyrolidone, 0.8% NaCl, 0.05% Tween 20 and carborundum and incubated overnight at 4 °C in the microtitration plates. After 3 washings, an IgG-biotin conjugate (Guesdon et al, 1979) at 1/20 000 was added and left for 2 h at 38 °C. Then alkaline phosphatase-labelled streptavidine (1/10 000) was added and left for 1 h at 38 °C. The absorbances (A 405 nm) were read after 1 and 2 h incubation of the substrate (1 mg/ml pnitrophenylphosphate). The ELISA samples were considered positive when the absorbance values in the nematodes tested were over twice the value of the virus-free nematode controls.
RESULTS
The vertical distribution of X index together with the pedological profiles and particle size analyses of field horizons are presented in figure 1 (Dalmasso, 1970; Valloton and Perrier, 1990 ). However, their numbers were still markedly lower than in Mediterranean vineyards (Esmenjaud et al, 1988; Scotto La Massèse et al, 1988) . The texture of the soil samples was loamy clay in Mesnil, where the largest populations were observed (56-106 individuals in the 3 deep horizons), whereas it had more sand in the 2 Cumières fields, where lower nematode densities were detected. These findings agree with those by Vuittenez et al (1972) , for French vineyards, and by Valloton and Perrier (1990) , for Swiss vineyards, observing that heavy soils harbour the highest population densities. Taking variations in vertical distribution into account, the middle and lower horizons show higher densities than do the upper horizons (0 to 25-40 cm). The lower densities in the upper horizons of the Cum1 field may be related to soil cultivation (exogenous supply of less contaminated soil and increased nematode mortality) and disinfection prior to planting. Particularly in heavy soils, the efficacy of disinfection is diminished below the cultivation horizon (Esmenjaud et al, 1988) . It may be hypothesized that, for the other 2 fields (not disinfected), winter frost, a factor limiting nematode development according to Dalmasso (1970) 
